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PRELIMINARY AMENDMENT 

.1 Prior to the calculation of filing fees and prior to initial 
■examination, please amend the above identified PCT application as 
'follows : 
JN THE CLAIMS : 

Please cancel claims 3-5, 7, 8, 10, 13-15, 17, 25-30, 33-45, 47 
and 51-60, without prejudice or disclaimer. 

Claim 2 . (Amended) A semi-conductor device as claimed in Claim 
1 characterised in that the ratio of the actual contact area (17) to 
the non-contact area (21) of the or each of the first and second 
electrical contacts (6,7) is varied as a function of the desired 
variation in the current density in the active region (10) , and 
preferably, is varied in proportion to the desired variation in 
current density in the active region (10) , and advantageously is 
varied in a direction in which the current density is to be varied in 
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the active region (10) , and preferably, is progressively varied for 
progressively varying the current density in the active region (10) . 

Claim 6. (Amended) A semi-conductor device as claimed in [any 
preceding claim] Claim 1 characterised in that the ratio of the actual 
contact area (17) to the non-contact area (21) of the or each of the 
first and second electrical contacts (6,7) is varied in a transverse 
direction across the active region (10) relative to the longitudinal 

^.direction (11) of the active region (10) for varying the current 

•■3 

^"density transversely across the active region (10) , and preferably is 
' ^progressively reduced towards opposite side edges (13,14) of the 
i S&ctive region (10) which extend in a generally longitudinal direction 
* relative to the active region (10) for progressively reducing the 
jcurrent density in the active region (10) towards the respective side 
'ledges (13,14) and preferably, is progressively reduced towards 
' opposite side edges (13,14) of the active region (10) which diverge 
away from each other in a generally longitudinal direction relative to 
the active region (10) for progressively reducing the current density 
in the active region (10) towards the respective diverging side edges 
(13,14) . 

Claim 9. (Amended) A semi-conductor device as claimed in [any 
preceding claim] Claim 1 characterized in that the ratio of the actual 
contact area (17) to the non-contact area (21) of the or each of the 

2 
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first and second electrical contacts (6,7) is varied in a direction 
longitudinally relative to the longitudinal direction (11) of the 
active region (10) , and preferably, the ration of the actual contact 
area (17) of the or each of the first and second electrical contacts 
(6,7) is varied in directions both transversely and longitudinally 
relative to the active region (10) . 

Claim 11, line 1, change "any of Claims 1 to 8" to — Claim 1 — . 
Claim 12. (Amended) A semi-conductor device as claimed in [any 
^preceding claim] Claim 1 characterised in that the shape and areas of 
; nthe non-contact areas (21) is such that the current density in areas 
Clbf the active region (10) which correspond to the non-contact areas 
* (21) is greater than zero , and preferably, the shape and area of the 
Lj non-contact areas (21) is such as to avoid induced grating effe cts in 
3bhe profile of the current density in the active region (10) , and 
' advantageously, the shape and area of the non-contact areas (21) is 
such as to avoid induced grating effects in the profile of the current 
density in the active region (10) in the direction transversely of the 
direction in which the current density is being varied, and 
preferably, the shape and the area of the non-contact areas (21) is 
such as to induce predetermined grating effects in the active region 
(10) ■ 
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Claim 16. (Amended) A semi-conductor device as claimed in [any 
preceding claim] Claim 1 characterised in that the or each of the 
first and second electrical contacts (6,7) comprises a main electrical 
contact (15) and a plurality of spaced-apart secondary electrical 
contacts (16) adapted to be electrically connected to the main contact 
(15) , the main electrical contact (15) and the secondary contacts (16) 
together forming the actual contact area (17) and defining the non- 
__contact areas (21) therebetween , and preferably, the secondary 
'" -Electrical contacts (16) are electrically connected to the main 
'■contact (15) . 

J Claim 18, line 1, delete "or 17". 

a Claim 20, line 1, change "any of Claims 16 to 19" to — Claim 

3 6 — . 

Claim 21, line 1, change "any of Claims 1 to 15" to --Claim 1 — . 
r """ Claim 22, line 1, change "any preceding claim" to — Claim 1 — . 

Claim 23, line 1, change "any preceding claim" to — Claim 1 — . 

Claim 24. (Amended) A semi-conductor device as claimed in [any 
preceding claim] Claim 1 characterised in that the semi-conductor 
device (2) is an optical semi-conductor device, the longitudinal 
direction (11) of the active region (10) being defined by the 
direction of light propagation in the active region (10) , and 
preferably, the ration of the actual contact area (17) to the non- 
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contact area (21) of the or each of the first and second electrical 
contacts (6,7) is varied for inducing a current density profile (26) 
in the active region (10) , and advantageously, the ratio of the actual 
contact area (17) to the non-contact area (21) of the or each of the 
first and second electrical contacts (6,7) is varied transversely 
across the direction (11) of light propagation in the active region 
(10) for inducing a current density in the active region (10), the 
transverse profile (26) of which substantially coincides with the 
n fiiesired transverse profile of light intensity (25) at the 

Corresponding location of the active region (10) , and preferably, the 

r- 

; j|irst electrical contact (6) defines the outline area (12), and 
^ advantageously, the first electrical contact (6) defines the actual 
f gontact area (17) and the non-contact areas (21) and preferably, the 
diecond electrical contact (7) defines the outline area (12) and 
preferably, the second electrical contact (7) defines the actual 
contact area (17) and the non-contact areas (21) . 

Claim 32. (Amended) A method as claimed in Claim 31 
characterised in that the ratio of the actual contact area (17) to the 
non-contact area (21) of the or each of the first and second 
electrical contacts (6,7) is varied as a function of the desired 
variation in the current density in the active region (10) , and 
preferably, the ratio of the actual contact area (17) to the non- 

5 
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contact area (21) of the or each of the first and second electrical 
contacts (6,7) is varied in proportion to the desired variation in 
current density in the active region (10) , and advantageously, the 
ratio of the actual contact area (17) to the non-contact area (21) of 
the or each of the first and second electrical contacts (6,7) is 
varied in a direction in which the current density is to be varied in 
the active region (10) and advantageously, the ratio of the actual 
^contact area (17) to the non-contact area (21) of the or each of the 
; gfirst and second electrical contacts (6,7) is progressively varied for 
^progressively varying the current density in the active region (10) . 
H Claim 46, line 1, change A 'any of Claims 31 to 45" to -- Claim 

:;=3i 

m Claim 48, line 1, delete fl or 47". 

g Claim 50, line 1, change NN any of Claims 4 6 to 4 9" to — Claim 
46 

REMARKS 

Claims 3-5, 7, 8, 10, 13-15, 17, 25-30, 33-45, 47, and 51-60 have 
been amended to delete the multiple dependencies therein. Additional 
amendments have been made to the claims to improve their form. 
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An early and favorable action on the merits is respectfully 
requested. 



Respectfully submitted, 
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"A semi-conductor device and a method for varying current 
density in an active region of a junction of the semi-conductor device" 



The present invention relates to a semi-conductor device, and in particular, though 
s not limited to an optical semi-conductor device, for example, a semi-conductor laser 
device in which the current density in an active region of a junction is varied spatially 
in the active region. The invention also relates to a method for varying the current 
density spatially in the active region of the junction of the semi-conductor device. 

10 Semi-conductor lasers, in particular, diffraction-limited high-brightness laser devices 
are suitable for a wide range of applications, for example, free space 
communication, and pumping of fibre lasers and amplifiers. Wide stripe semi* 
conductor lasers with relatively broad current stripes, for example, current stripes of 
the order of 100 micrometres or more tend to be transversely unstable, and suffer 

15 from filamentation and transverse mode beating. Insertion of mode filters, for 

example, cavity spoilers or saturable absorbers or other mode selective gain or loss 
means info such devices tend to enhance tne modal performance by discriminating 
against higher order modes. 

20 in relatively large area devices, both lasers and amplifiers, the current density, which 
through material interactions generates the carrier density, tends to increase along 
the edges of the gain region. This fn general, is a feature of both flared and non- 
flared (broad area) devices. It is believed that the reason for the increase in current 
density along the edges of the active region is due to the shape of the transverse 

25 mode profile which results in relatively small field intensities at the longitudinal edges 
of the active region. The relatively small field intensity at the longitudinal edges of 
the active region is unable to saturate the gain, which in turn grows to relatively large 
values. These relatively large values of current density along the edges of the gain 
regions decrease the stability of the device, and thereby, the quality of the far-field. 



It is desirable in many cases in semi-conductor electronic and optical devices to 
control the spatial distribution of electric current density conducted through such 
devices. It is known that current distribution though such devices can be controlled 
by locating multiple contacts on the device with different voltages applied to various 
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of the contacts. However, this requires the generation of many voltage levels for 
applying to the respective contacts, and also the provision of many connections to 
the various contacts. This is unsatisfactory in integrated circuit technology, it is also 
known that current distribution may be varied by localised ion implantation into the 
s semi-conductor material for altering the conductive properties of the material. 
However, this can lead to other problems and disadvantages with the semi- 
conductor device. 

There is therefore a need for an electronic or optical semi-conductor device which 
10 allows the current density distribution to be controlled without the disadvantages and 
problems of prior art techniques. Indeed, there is a need for a semi-conductor 
device in which the current density profile of an active region of a junction in the 
semi-conductor material of the device can be controlled. There is also a need for a 
method for varying the spatial:distribution current density in an active region of a 
15 junction of a semi-conductor device. 

The present invention is directed towards providing such an electronic and/or optical 
semi-conductor device, end a method for varying the spatial distribution current 
density in an active region of a junction of a semi-conductor device. 

20 

According to the invention there is provided a semi-conductor device comprising a 
semi-conductor medium which defines a junction, a first electrical contact and a 
second electrical contact, the respective electrical contacts being located spaced- 
a part from each other on the semi-conductor medium and in electrical contact with 

25 the semiconductor medium for pumping current through the junction for forming an 
active region in the junction, wherein at least one of the first and second electrical 
contacts defines an outline area on the semi-conductor medium for determining the 
shape and area of the active region, and the at least one of the first and second 
electrical contacts forms an actual contact area or areas in which that one of the first 

30 and second electrical contacts Is in actual electrical contact with the semi-conductor 
medium, and defines non-contact areas within the outline area in which no electrical 
contact takes place between that one of the first and second contacts and the semi- 
conductor medium, and the ratio of the actual contact area to the non-contact area 
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varies within the outline ansa for varying the current density spatially in the active 
region. 

In one embodiment of the invention the ratio of the actual contact area to the non- 
s contact area of the or each of the first and second electrical contacts is varied as a 
function of the desired variation in the current density in the active region. 

In another embodiment of the invention the ratio of the actual contact area to the 
non-contact area of the or each of the first and second electrical contacts is varied in 
io proportion to the desired variation in current density in the active region. 

In a further embodiment of the invention the ratio of the actual contact area to the 
non-contact area of the or each of the first and second electrical contacts is varied in 
a direction in which the current density is to be varied in the active region. 

15 

Preferably, the ratio of the actual contact area to the non-contact area of the or each 
of the first and second electrical contacts is progressively varied for progressively 
varying the current density in the active region. 

20 In one embodiment of the invention the ratio of the actual contact area to the non- 
contact area of the or each of the first and second electrical contacts is varied in a 
transverse direction across the active region relative to the longitudinal direction of 
the active region for varying the current density transversely across the active 
region. 

25 

Advantageously, the ratio of the actual contact area to me non-contact area of the or 
each of the first and second electrical contacts is progressively reduced towards 
opposite side edges of the active region which extend in a generally longitudinal 
direction relative to the active region for progressively reducing the current density in 
30 the active region towards the respective side edges. 

In another embodiment of the invention the ratio of the actual contact area to the 
non-contact area of the or each of the first and second electrical contacts is 
progressively reduced towards opposite side edges of the active region which 
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diverge away from each other in a generally longitudinal direction relative to the 
active region for progressively reducing the current density in the active region 
towards the respective diverging side edges. 

5 In a further embodiment of the invention the ratio of thB actual contact area to the 
non-contact area of the or each of the first and second electrical contacts is varied in 
a direction longitudinally relative to the longitudinal direction of the active region. 

In another embodiment of the invention the ratio of the actual contact area of the or 
10 each of the first and second electrical contacts is varied in directions both 
transversely and longitudinally relative to the active region. 

In one embodiment of the invention the ratio of the actual contact area to the non- 
contact area of the or each of the first and second electrical contacts is arranged in a 
15 direction generally transversely of the direction in which the ratio of the actual 

contact area to the non-contact area is varying for maintaining the current density in 
the active region substantially constant along lines of constant current density which 
extend in a direction generally transversely of the direction in which the ratio of the 
actual contact area to the non-contact area is being varied. 

20 

Preferably, the shape and area of iha non-contact areas is such that the current 
density in areas of the active region which correspond to the non-contact areas is 
greater than zero. 

25 In one embodiment of the invention me shape and area of the non-contact areas is 
such as to avoid induced grating effects in the profile of the current density rn the 
active region. 

in another embodiment of the invention the shape and area of the non-contact areas 
30 is such as to avoid induced grating effects in the profile of the currant density in the 
active region in the direction transversely of the direction in which the current density 
is being varied. 
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Alternatively, the shape and the area of the non-contact areas is such as to induce 
predetermined grating effects in the active region. 

In one embodiment of the invention the or each of the first and second electrical 
5 contacts comprises a main electrical contact and a plurality of spaced-apart 
secondary electrical contacts adapted to be electrically connected to the main 
contact, the main electrical contact and the secondary contacts toother forming the 
actual contact area and defining the non-contact areas therebetween, and 
preferably, the secondary electrical contacts are electrically connected to the main 
10 contact 

In one embodiment of the invention the secondary contacts are provided by a 
plurality of elongated spaced-apart substantially parallel finger contacts extending 
from the main contact Preferably, the finger contacts forming the secondary 
15 contacts taper from their respective proximal ends to their distal ends. 

Advantageously, the main contact extends substantially longitudinally relative to the 
active region, and the secondary contacts extend transversely from the main contact 
in a direction generally transversely of Hie active region. 

20 

in an alternative embodiment of the invention the or each of the first and second 
electrical contacts comprises a single contact which forms the actual contact area, 
the single contact having a plurality of openings therethrough which form the non- 
contact areas. 

25 

In one embodiment of the invention the junction defined by the semi-conductor 
medium is a p-n junction. 

Preferably, the first and second electrical contacts are located on respective 
30 opposite surfaces of the semi-conductor device for pumping the current through the 
active region of the junction. 
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In one embodiment of the invention the semi-conductor device is an optical semi- 
conductor device, the longitudinal direction of the active region being defined by the 
direction of light propagation in the active region. 

5 In another embodiment of the invention the ratio of the actual contact area to the 
non-contact area of the or each cf the first and second electrical contacts is varied 
far inducing a current density profile in the active region which substantially 
coincides with the desired light intensity profile in the active region. 

10 In a further embodiment of the invention the ratio of the actual contact area to the 
non-contact area of the or each of the first and second electrical contacts is varied 
transversely across the direction of Bght propagation in the active region for inducing 
a current density in the activB region, the transverse profile of which substantially 
coincides with the desired transverse profile of light intensity at the corresponding 

15 location of the active region. 

In one embodiment of the invention the first electrical contact defines the outline 
area. 

20 In another embodiment of the invention the first electrical contact defines the actual 
contact area. 

In a further embodiment of the invention the second electrical contact defines the 
outline area. 

25 

In a still further embodiment of the invention the second electrical contact defines the 
actual contact area. 

Additionally, the invention provides a method for spatially varying the current density 
30 in an active region of a Junction defined by a semi-conductor medium of a semi- 
conductor device, the method comprising placing a first electrical contact and a 
second electrical contact at spaced apart locations from each other on the the semi- 
conductor medium, and in electrical contact with the semi-conductor medium for 
pumping current through the junction for forming the active region, wherein at least 
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one of the first and second electrical contacts defines an outline area on me semi- 
conductor medium for determining the shape and area of the active region, and the 
at least one of the first and second electrical contacts forms an actual contact area 
or areas in which that one of the first and second electrical contacts is in actual 
5 electrical contact with the semi*conductor medium, and defines non-contact areas 
within the outline area in which no electrical contact takes place between that one of 
the first and second contacts and the semi-conductor medium, and the ratio of the 
actual contact area to the non-contact area varies within the outline area for varying 
the current density spatially in the active region. 

10 

The invention will be more clearly understood from the following description of some 
preferred embodiments thereof which are given by way of example only with 
reference to the accompanying drawings, in which: 

15 Fig. 1 is a perspective view of an optical semi-conductor laser device 

according to the invention, 

Fig. 2 is a graphical representation of a transverse profiles' of current density 
and light intensity level in the active region of the optical semnconductor 
20 device of Fig. 1, 

Fig. 3 is a plan view of a portion of the device of Fig. 1 , 

Fig. 4 is an enlarged plan view of a part of the portion of Fig. 3, 

25 

Fig. 5 is a plan view of a portion of an optical semi-conductor laser device 
according to another embodiment of the invention, 

Fig. 6 is a graphical representation of a transverse profile of current density in 
30 the active region of the device of Fig. 5. 

Fig. 7 is a plan view of a portion of an optical semi-conductor laser device 
according to another embodiment of the invention, 
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Fig. 8 is a graphical representation of a transverse profile of current density in 
the active region of the device of Fig. 7, 

Fig. 9 is a plan view of a portion of an optical semi-conductor laser device 
5 according to a further embodiment of the invention, 

Fig. 10 is a graphical representation of a transverse profile of current density 
in the active region of the device of Fig. 9, 

10 Fig. 1 1 is a plan view of a semi-conductor laser device according to another 

embodiment of the invention, and 

Fig. 12 is a graphical representation of transverse profiles of current density 
in the active region of the device of Fig. 11. 

is 

Referring to the drawings and initJaily to Figs. 1 to 4 there is illustrated an optical 
semi-conductor device, in this embodiment of the invention a broad area laser 
device indicated generally by the reference numeral 1. The laser device 1 
comprises a semi-conductor medium 2 formed by a p-type layer 3 and an rt-type 

20 layer 4 which defines a p-n junction S. A pair of electrical contacts, namely, a first 
electrical contact 6 and a second electrical contact 7 are located at opposite 
surfaces of the medium 2, namely, the first contact 6 is located on an upper surface 
e of the p-type layer 3, white the second contact 7 is located on a tower surface 9 of 
the n-type layer 4. The first and second contacts 6 and 7 are in electrical contact 

25 with the respective layers 3 and 4 through the surfaces 8 and 9, respectively, far 
pumping current through the p-n junction 5 for developing an active region 10 at the 
p-n junction 5 in which light is propagated in a direction parallel to a central 
longitudinal axis 1 1 of the active region 10. The second contact 7 extends over and 
is in electrical contact with the entire lower surface 9 of the medium 2. 

30 

The first contact 6 defines an outline area on the upper surface 8 which is indicated 
by the area bounded by the broken lines 12, which in turn, determines the shape and 
the area in plan view of the active region 10 in the p-n junction S, and corresponds to 
the area of the active region 10. The first contact 6 is also shaped for varying the 
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spatial current density in the active region 10. In this embodiment of the invention the 
first contact 6 is shaped for varying the current density profile transversely across the 
active region 10 in the direction of the arrows A and B for avoiding regions of 
unsaturated gain adjacent respective opposite longitudinal edge regions adjacent 
5 longitudinal side edges 13 and 14 of the active region 10. In other words, the current 
density is varied in the active region 10 in a direction ftansversely of the direction of 
light propagation in the active region 10 and transversely of the central longitudinal 
axis 11. 

10 In this embodiment of the invention, the first contact 6 comprises a main contact 15 
which extends longitudinally along and parallel to central longitudinal axis 11 of the 
active region 10 in the direction of fight propagation. A plurality of spaced apart 
secondary contacts formed by finger contacts 16 extend transversely from and are 
electrically connected to the main contact 15. The main contact 15 and the finger 
is contacts 16 are in actual electrical contact with the surface 8 of the p-type layer 3, 
and thus form an actual contact area 17 on the upper surface 8 through which 
current is pumped through the upper surface 8 into the p-type layer 3. As can be 
seen the actual contact area 17 is entirely within the outline area 12 which is defined 
by distal ends 18 of the finger contacts 16. The main contact 15 and the secondary 
20 contacts 16 define non-contact areas 21 which lie within the outline area 12, and 
within which no electrical contact takes place between me first contacts and the 
upper surface 8. The finger contacts 16 taper outwardly from their respective 
proximal ends 19 to their respective distal ends 18, thereby progressively reducing 
the ratio of the actual contact area 17 formed by the finger contacts 16 to the non- 
25 contact area 21 defined by the finger contacts 18 in the directions of the arrows A 
and B towards the distal ends 18 of the finger contacts 16 for progressively reducing 
the current density in the active region 10 towards the side edges 13 and 14. 

The shape and the area of the non-contact areas 21 is such as to avoid grating 
30 effects in the longitudinal direction parallel to the longitudinal axis 1 1 in the active 
region 10. In particular the spacing between adjacent side edges 20 of adjacent 
finger contacts 16 in a direction parallel to the longitudinal axis 1 1 is chosen to take 
account of the lateral diffusion characteristics of the p-type layer 3 and the distance 
from the active region 10 to the upper surface 8 for maintaining the current density in 
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the active region 10 constant along lines 22 of constant current density extending 
parallel to the longitudinal axis 11, thus avoiding any grating effects. 

The laser device 1 may be formed by any suitable forming process, for example, an 
5 integrated circuit forming process or otherwise. Typically, in an integrated circuit 
forming process, the first electrical contact 6 will be deposited by a metal deposition 
and lithography stage in the forming process. Typically, the main contact 15 and the 
finger contacts 16 of the first contact 6 will be simultaneously formed in a metal 
deposition process. 

10 

Referring to Fig. 2 a plot of tie current density profile transversely across the active 
region 10 from the side edge 1 3 to the side edge 14 is illustrated by the full line 
curve 25. The transverse profile of the light intensity of the laser light generated in 
the active region 1 0 across the active region 10 from the side edge 13 to the side 

15 edge 1 4 is illustrated by the broken line curve 26 in Fig. 2 t and substantially 
coincides with the current density profile curve 25. Because the current density 
profile curve 26 substantially coincides with the light intensity profile curve 25 across 
the active region 10, unsaturated gain near the side edges 13 and 14 of the active 
region 10 is virtually entirely avoided This is achieved by virtue of the fact that the 

20 ratio of the actual contact area 17 to the non-contact area 21 is progressively 

reduced in the direction in which the current density in the active region 10 is to be 
progressively reduced, and furthermore, Is reduced in approximate proportion to the 
desired reduction in the current density. 

25 The current density through the p-type layer 3, and in turn, through the active region 
10 is reduced in the direction of the arrows A and B from positions substantially 
corresponding to the proximal ends 19 to the distal ends 18 of the finger contacts 16. 
The current density in the p-type layer 3 adjacent the upper surface 8 is not 
constant, however the current travelling from the finger contacts 16 through Hie p- 

30 type layer 3 diffuses laterally before reaching the active region 10. The amount of 
lateral diffusion depends on the thickness of the p-type layer 3 between the active 
region 10 and the first contact 6, the lateral diffusion characteristics of the p-type 
layer 3 which is a function of the doping concentration in the p-type layer 3 and the 
external bias between the first and second contacts 6 and 7. Therefore, by 
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appropriately reducing the ratio of the actual contact area 17 to the non-contact area 
21 , and by matching the shape and the area of the non-contact area 21 with these 
characteristics of the p-type layer 3, the desired transverse current density profile In 
the active region 10 can be achieved witiiout any grating effects for eliminating 

5 saturated gain in the regions along the side edges 1 3 and 14. Additionally, by 
choosing the shape and the area of the non-contact areas 21, and in particular the 
spacing between adjacent edges 20 of adjacent finger contacts 16 with the 
characteristics of the p-type layer 3, namely, the thickness of the p-type layer 3, the 
lateral diffusion characteristics, and the external bias between the first and second 

10 contact 6 and 7, the current density in the active region 10 can be maintained 
constant along the lines 22 of constant current density which in this embodiment of 
the invention extend parallel to the central longitudinal axis 11 thereby avoiding 
induced grating effects in the active region 10. Such induced grating effects would 
scatter light out of the active region 10, and this, as discussed is achieved by 

is controlling the spacing between the adjacent edges 20 of the adjacent finger 
contacts 16 so that the current pumped from adjacent finger contacts 16 will 
combine in the active region 10 due to lateral diffusion. 

However, such grating effect in the longitudinal direction of light propagation may be 
20 desirable in certain implementations of the semi-conductor device 1 , and in which 
case this would be achieved by also varying the ratio of the actual contact area 17 to 
the non-contact area 21 within the outline area 12 of the first contact 6 in the 
direction of light propagation. 

25 In use, a voltage is applied across the first and second contacts 6 and 7, thereby 
pumping a current-through the p-n junction 5 for forming the active region 10, The 
transverse profile of current density and the light intensity across the active region 10 
is as illustrated in Fig. 2. 

30 The advantages of the invention are many. A particularly important advantage of the 
invention is achieved by virtue of the fact that tie transverse current density profile 
across the active region 10 is controlled by the ratio of the actual contact area 17 to 
the non-contact area 21 of the first contact 6. Thus, the current density across the 
active region 10 can be controlled without the need for space dependent doping of 
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the semi-conductor medium 2, and without the need for any other external or internal . 
means for controlling current density, By controlling the current density across the 
active region 10 unsaturated gain near the longitudinal side edges of the active 
region is avoided. A particularly important advantage of 1h© invention is that since 
5 the current density is controlled by altering the ratio of the contact area formed by 
the first contact 6 to the non-contact area defined by the first contact 6, the upper 
contact 6 can be maintained throughout at the same voltage, in other words, one 
single electrical connection to the first contact e is all that is required, since the main 
contact 15 and the finger contacts 16 are electrically connected to each other. 

io 

Referring now to Figs. 5 and 6 there is illustrated a first contact 30 for applying to an 
upper surface of a semi-conductor laser device (not shown) according to another 
embodiment of the invention. The first contact 30 is substantially similar to the first 
contact 6 of the laser device 1 , and similar components are identified by the same 
15 reference numerals. The main difference between the first contact 30 and the first 
contact 6 is that the finger contacts 16 do not taper from their proximal ends 19 to 
their distal ends 18. This simplifies the lithographic requirements in the forming 
process. 

20 Fig. 6 illustrates the transverse profile of the current density which is developed 
across the active region of the p-n junction of the semi-conductor medium of this 
laser device between the opposite longitudinal side edges which correspond to the 
opposite side edges 13 and 14 of the active region 10 of the laser device 1 . 

25 Fig. 7 illustrates a first contact 40 of a semi-conductor laser device (not shown) 

according to another embodiment of the invention, the first contact 40 is substantially 
similar to the first contact 6 of the laser device 1 . and similar components are 
identified by the same reference numerals. The finger contacts 16 in this 
embodiment of the invention taper to points at their distal ends 18, and the rate of 

30 tapering from the proximal ends 19 to the distal ends 18 of the finger contacts 16 is 
significantly greater than that of the finger contacts 16 of the first contact 6 of the 
laser device 1. 
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Fig. 8 illustrates the transverse current density profile developed by the first contact 
40 across an active region of this laser diode. The width of the upper flat region of 
the current density profile corresponds to the width of the main contact 15, and may 
correspondingly be varied. 

5 

Fig. 9 illustrates a first contact 50 for a semi-conductor laser device (not shown) 
according to a stilt further embodiment of the invention. In Ihis embodiment of the 
invention the first contact SO comprises a longitudinally extending central region 51 
and a pair of side regions 52. A plurality of through openings, namely, holes 53 of 

io similar diameter extend through the side regions 52 and form non-contact areas 21 , 
while the central region 51 and the side regions 52 with the exception of the holes 53 
form actual contact areas 17. The ratio of the actual contact area 1 7 to the non- 
contact areas 21 is progressively reduced towards respective longitudinally 
extending side edges 54 of the first contact 50 by progressively increasing the 

is number of holes 53 per unit area in the direction of the arrows A and B towards the 
side edges 54. 

Fig. 10 illustrates the transverse current density profile developed across an active 
region between opposite edges thereof which correspond to the edges 54 of the first 
20 contact 50. 

Fig. 11 illustrates a plan view of a semi-conductor device, in mis embodiment of the 
invention a flared laser device 60. The laser device 60 is substantially similar to the 
laser device 1 and similar components are identified by the same reference 

25 numerals. The laser device 60 comprises a semi-conductor medium 2 having an 
upper p-layer 3 and a lower n-type layer (not shown) which together define a p-n 
junction, similar to the p-n junction 5. A second contact (not shown) extends over a 
lower surface (also not shown) of the n-type layer similar to that of the laser device 
1 . The first contact 6, in this embodiment of the invention defines a flared outline 

ao area 12 which defines a correspondingly shaped flared active region (not shown) in 
the p-n junction. The first contact 6 comprises a central main contact 15, and a 
plurality of secondary finger contacts 18 extending from the main contact 1 5. The 
finger contact 16 taper from their proximal ends 19 to their distal ends 18 which 
define side edges 61 of the flared outline area 12. The flared side edges 61 diverge 
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from each other in a direction parallel to the longitudinal axis 1 1 . The non-contact 
areas 21 are defined between the main contact 15 and the finger contacts 16 within 
the outline area 12. in this embodiment of the invention because the outline area 12 
is flared the lines of constant current density 22 do not extend parallel to the central 
5 axis 1 1 but tend to approximately follow the contour of the side edges 61 . 

Fig, 12 illustrates transverse profiles of the current density across the active region 
of the laser device 60 at sections C, D, E and F along the longitudinal axis 11. 

id It is envisaged that in the case of the first contact 50 illustrated in Fig. 9 the ratio of 
the actual contact area to the non-contact area may be varied by varying the size of 
the holes, instead of or as well as varying the number of holes per unit area. 

it is also envisaged that the first contact may be provided as a plurality of discrete 
15 contacts which would be electrically connected together. The ratio of the actual 
contact area to the non-contact area would then be varied by appropriately varying 
the number of discrete contacts per unit area and/or by varying the area of the 
discrete contacts. A central area of the first contact may be formed by a single 
contact or by a plurality of discrete contacts, and when the central area is provided 
20 by a number of discrete contacts, assuming peak current density is to be formed in 
the active region corresponding to the central area of the first contact, the discrete 
contacts would be located relatively closely together, in otherwords, a high number 
of discrete contacts per unit area would be provided, and/or the area of the discrete 
contacts would be greater than those towards the longitudinal side edges of the first 
25 contact 

While the first contacts have bean described as being shaped for developing a 
current density profile across the active region of a semi-conductor laser device 
which increases progressively from the respective opposite side edges to a central 
30 peak value, ft will be appreciated that the first contacts may be shaped to develop 
any other desired current density profiles. 



While the semi-conductor device has been described in all the embodiments of the , 
invention as being a laser device, the semi-conductor device could be any other type 
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of device, for example, a diode, a transistor, a field effect transistor or the like, in 
which it is desired to develop a varying current density profile in the active region of 
the junction, be it a p-n junction or otherwise. Furthermore, the laser device could be 
a laser amplifier. 

5 

While in the embodiments of the invention described the upper first contact has been 
described as being shaped to develop the varying current density, it win be readily 
apparent to those skilled in the art that the lower second contact could be shaped or 
profiled to develop the desired current density profile. Indeed, in certain cases, it 
10 may be desirable to shape both the first and second contacts to form the desired 
current density profile. 



The semi-conductor medium instead of being a two layer medium may be a multi- 
layer medium, and may have a number of retype layers and rvtype layers. 

It will also be appreciated mat while the laser devices have been described with the 
first contacts shaped to avoid induced grating effects, the first and/or second 
contacts may be shaped to induce predetermined grating effects where such grating 
effects are desired. 
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Claims 

1 . A semi-conductor device (1) comprising a semi-conductor medium (2) which 
defines a junction (5), a first electrical contact (6) and a second electrical contact (7), 
the respective electrical contacts (6,7) being located spaced-apartfrom each other 

5 on the semi-conductor medium (2) and in electrical contact with the semi-conductor 
medium (2) for pumping current through the junction (5) for forming an active region 
(10) In the junction (5), characterised in that at least one (6) of the first and second 
electrical contacts (6,7) defines an outline area (12) on the semi-conductor medium 
(2) for determining the shape and area of the active region (10). and the at least one 

10 (6) of the first and second electrical contacts (6,7) forms an actual contact area or 
areas (17) in which that one (6) of the first and second electrical contacts (8,7} is in 
actual electrical contact with the semi-conductor medium (2), and defines non- 
contact areas (21) within the outline area (12) in which no eleetricaf contact takes 
place between that one (6) of the first and second contacts (6,7) and the semi- 

is conductor medium (2), and the ratio of the actual contact area (17) to the non- 
contact area (21) varies within the outline area (12) for varying the current density 
spatially in the active region (10). 

2. A semi-conductor device as claimed in Claim 1 characterised in that the ratio 
20 of the actual contact area (17) to the non-contact area (21) of the or each of the first 

and second electrical contacts (6,7) is varied as a function of the desired variation in 
the current density "m the active region (10). 

3. A semi-conductor device as claimed in Claim 1 or 2 characterised in that the 
25 ratio of the actual contact area (17) to the non-contact area (21) of the or each of the 

first and second electrical contacts (6,7) is varied in proportion to the desired 
variation in current density in the active region (10). 

4. ■ A semi-conductor device as claimed in any preceding claim characterised in 
30 that the ratio of the actual contact area (17) to the non-contact area (21) of the or 

each of the first and second electrical contacts (6,7) is varied in a direction in which 
the current density is to be varied in the active region (10). 
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5. A semi-conductor device as claimed in any preceding claim characterised in 
that the ratio of the actual contact area (17) to the non-contact area (21) of the or 
each of the first and second electrical contacts (6,7) is progressively varied for 
progressively varying the current density in the active region (10). 

6. A semi-conductor device as claimed in any preceding claim characterised in 
that the ratio of the actual contact area (17) to the non-contact area (21) of the or 
each of the first and second electrical contacts (6,7) is varied in a transverse 
direction across the active region (10) relative to the longitudinal direction (1 1) of the 
active region (10) for varying the current density transversely across the active 
region (10). 

7. A semi-conductor device as claimed in Claim 6 characterised in that the ratio 
of the actual contact area (17) to the non-contact area (21) of the or each of the first 
and second electrical contacts (e,7) is progressively reduced towards opposite side 
edges (13,14) of the active region (10) which extend in a generally longitudinal 
direction relative to the active region (10) for progressively reducing the current 
density in the active region (10) towards the respective side edges (13, 14). 

8. A semi-conductor device as claimed in Claim 6 characterised in that the ratio 
of the actual contact area (17) to the non-contact area £21) of the or each of the first 
and second electrical contacts (6,7) is progressively reduced towards opposite side 
edges (13,14) of the active region (10) which diverge away from each other in a 
generally longitudinal direction relative to the active region (10) for progressively 
reducing the current density in the active region (10) towards the respective 
diverging side edges (13,14). 

9. A semi-conductor device as claimed in any preceding claim characterised in 
that the ratio of the actual contact area (17) to the non-contact area (21) of the or 
each of the first and second electrical contacts (6,7) is varied in a direction 
longitudinally relative to the longitudinal direction (11) of the active region (10). 



10. A semi-conductor device as claimed in any preceding claim characterised in 
that the ratio of the actual contact area (17) of the or each of the first and second 
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electrical contacts (6,7) is varied in directions both transversely and longitudinally 
relative to the active region (10). 

11. A semi-conductor device as claimed in any of Claims 1 to 8 characterised in 
5 that the ratio of the actual contact area (17) to the non-contact area (21) of the or 

each of the first and second electrical contacts (6,7) is arranged in a direction 
generally transversely of the direction in which the ratio of the actual contact area 
(17) to the non-contact area (21) is varying for maintaining the current density in the 
active region (10) substantially constant along lines of constant current density which 
10 extend in a direction generally transversely of the direction in which the ratio of the 
actual contact area (17) to the non-contact area (21) is being varied. 

12. A semi-conductor device as claimed in any preceding claim characterised in 
that the shape and area of the non-contact areas (21) is such that the current density 

15 in areas of the active region (10) which correspond to the non-contact areas (21) is 
greater than zero. 

13. A semi-conductor as claimed in any preceding claim characterised in that the 
shape and area of the non-contact areas (21) is such as to avoid induced grating 

20 effects in the profile of the current density in the active region (10). 

14. A semiconductor device as claimed in any preceding claim characterised in 
that the shape and area of the non-contact areas (21) is such as to avoid induced 
grating effects in the profile of the current density in the active region (10) in the 

25 direction transversely of the direction in which the current density is being varied. 

15. A semi-conductor device as claimed in any of Claims 1 to 12 characterised in 
that the shape and the area of the non-contact areas (21) is such as to induce 
predetermined grating effects in the active region (10). 

30 

16. A semi-conductor device as claimed in any preceding claim characterised in 
that the or each of the first and second electrical contacts (6,7) comprises a main 
electrical contact (15) and a plurality of spaced-apart secondary electrical contacts 
(16) adapted to be electrically connected to the main contact (15), the main electrical 



15. DEC. 2000 105 58 



N0.8S8 P. 31 



WO 99/66614 PCT/IE99/00fl53 

19 

contact (15) and the secondary contacts (16) together forming the actual contact 
area (17) and defining the non-contact areas (21) therebetween. 

17. A semi-conductor device as claimed in Claim 19 characterised in that the 

5 secondary electrical contacts (16) are electrically connected to the main contact (15), 

1 8. A semi-conductor device as claimed in Claim 16 or 17 characterised in that 
the secondary contacts (16) are provided by a plurality of elongated spaeed-apart 
substantially parallel finger contacts (16) extending from tfie main contact (15). 

10 

19. A semi-conductor device as claimed in Claim 13 characterised in that the 
finger contacts (16) forming the secondary contacts taper from their respective 
proximal ends (19) to their distal ends (18). 

15 20. A semi-conductor device as claimed "m any of Claims 1 6 to 1 9 characterised 
in that the main contact (15) extends substantially longitudinally relative to the active 
region (10), and foe secondary contacts (16) extend transversely from the main 
contact (15) in a direction generally transversely of the active region (10). 

20 21 . A semi-conductor device as claimed in any of Claims 1 to 15 characterised in 
that the or each of the first and second electrical contacts (6,7) comprises a single 
contact (SO) which forms the actual contact area (17), the single contact (50) having 
a plurality of openings (53) therethrough which form the non-contact areas (21). 

25 22. A semi-conductor device as claimed in any preceding claim characterised in 
that the junction (5) defined by the semi-conductor medium is a p-n junction (5). 

23. A semi-conductor device as claimed in any preceding claim characterised in 
that the first and second electrical contacts (6,7) are located on respective opposite 

30 surfaces (8,9) of the semi-conductor device (2) for pumping the current through the 
active region (10) of the junction (5). 

24. A semi-conductor device as claimed in any preceding claim characterised in 
that the semi-conductor device (2) is an optical semi-conductor device, the 
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longitudinal direction (1 1) of the active region (1 0) being defined by the direction of 
light propagation in the active region (10). 



25. A semiconductor device as claimed in Claim 24 characterised in that the 
5 ratio of the actual contact area (17) to the non-contact area (21 ) of the or each of the 
first and second electrical contacts (6,7) is varied for inducing a current density 
profile (26) fn the active region (10) which substantially coincides with the desired 
light intensity profile (25) in the active region (10). 



26. A semi-conductor device as claimed in Claim 24 or 25 characterised in that 
the ratio of the actual contact area (17) to the non-contact area (21) of the or each of 
the first and second electrical contacts (6,7) is varied transversely across the 
direction (11) of light propagation in the active region (10) for inducing a current 
density in the active region (10), the transverse profile (26) of which substantially 
coincides with the desired transverse profile of light intensity (25) at the 
corresponding location of the active region (10), 

27. A semi-conductor device as claim in any preceding claim characterised in 
that the first electrical contact (6) defines the outline area (12). 

28. A semi-conductor device as claimed in any preceding claim characterised in 
that the first electrical contact (8) defines the actual contact area (17) and the non- 
contact areas (21). 



25 29. A semi-conductor device as claimed in any preceding claim characterised in 
that the second electrical contact (7) defines the outline area (12). 

30. A semi-conductor device as claimed in any preceding claim characterised in 
that the second electrical contact (7) defines the actual contact area (17) and the 
30 non-contact areas (21). 



31 . A method for spatially varying the current density 'm an active region (10) of a 
junction (5) defined by a semi-conductor medium (2) of a semi-conductor device (1), 
the method comprising placing a first electrical contact (6) and a second electrical 
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contact (7) at spaced apart locations from each other on the the semi-conductor 
medium (2), and in electrical contact witft the semi-conductor medium (2) for 
pumping current through the junction (5) fbrforming the active region (10), 
characterised in that at least one (6) of the first and second electrical contacts (6,7) 

5 defines an outline area (12) on the semiconductor medium (2) for determining the 
shape and area of the active region (10), and the at least one (6) of the first and 
second electrical contacts (6,7) forms an actual contact area or areas (17) in which 
that one (6) of the first and second electrical contacts (5,7) is in actual electrical 
contact with the semi-conductor medium (2), and defines non-contact areas (21) 

10 within the outline area (12) in which no electrical contact takes place between that 
one (6) of the first and second contacts (6,7) and the semi-conductor medium (2), 
and the ratio of the actual contact area (17) to the non-contact area (21) varies within 
the outline area (12) for varying the current density spatially in the active region (10). 

15 32. A method as claimed in Claim 31 characterised in that the ratio of the actual 
contact area (17) to the non-contact area (21) of the or each of the first and second 
electrical contacts (6,7) is varied as a function of the desired variation in the current 
density in the active region (10). 

20 33. A method as claimed in Claim 31 or 32 characterised in tfiat the ratio of the 
actual contact area (17) to the non-contact area (21) of the or each of the first and 
second electrical contacts (6,7) is varied in proportion to the desired variation in 
current density in the active region (10). 

25 34. A method as claimed in any of Claims 31 to 33 characterised in that the ratio 
of the actual contact area (17) to the non-contact area (21) of the or each of the first 
and second electrical contacts (6,7) is varied in a direction in which the current 
density is to be varied in the active region (10). 

30 35. A method as claimed in any of Claims 31 to 34 characterised in that the ratio 
of the actual contact area (17) to the non-contact area (21) of the or each of the first 
and second electrical contacts (6,7) is progressively varied for progressively varying 
the current density in the active region (10). 
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36. A method as claimed in any of Claims 31 to 35 characterised in that the ratio 
of the actual contact area (17) to the non-contact area (21) of the or each of the first 
and second electrical contacts (6,7) is varied in a transverse direction across the 
active region (10) relative to the longitudinal direction (11) of the active region (10) 

5 for varying the current density transversely across me active region (10), 

37. A method as claimed in Claim 36 characterised in that the ratio of the actual 
contact area (17) to the non-contact area (21) of the or each of the first and second 
electrical contacts (6,7) is progressively reduced towards opposite side edges 

io (1 3,1 4) of the active region (10) which extend in a generally longitudinal direction 
relative to the active region (10) for progressively reducing the current density in the 
active region (10) towards the respective side edges (13 V 14). 

38. A method as claimed in Claim 36 characterised in that the ratio of the actual 
contact area (17) to the non-contact area (21) of the or each of the first and second 
electrical contacts (6,7) is progressively reduced towards opposite side edges 
(13,14) of the active region (10) which diverge away from each other in a generally 
longitudinal direction relative to the active region (10) for progressively reducing the 
current density in the active region (10) towards the respective diverging side edges 
(13.14). 

3d. A method as claimed in any of Claims 31 to 38 characterised in that the ratio 
of the actual contact area (1 7) to the non-contact area (21) of the or each of the first 
and second electrical contacts (6,7) is varied in a direction longitudinally relative to 
25 the longitudinal direction (1 1) of the active region (10). 

40, A method as claimed in any of Claims 31 to 39 characterised in that the ratio 
of the actual contact area (17) of the or each of the first and second electrical 
contacts (6,7) is varied in directions both transversely and longitudinally relative to 

30 tiie active region (10). 

41 . A method as claimed in any of Claims 31 to 40 characterised in that the ratio 
of the actual contact area (17) to the non-contact area (21) of the or each of the first 
and second electrical contacts (6,7) is arranged in a direction generally transversely 
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of the direction in which the ratio of the actual contact area (17) to the non-contact 
area (21) is varying for maintaining the current density in the active region (10) 
substantially constant along Ifnes of constant current density which extend in a 
direction generally transversely of the direction in which the ratio of the actual 
s contact area (17) to the non-contact area (21) is being varied. 

42 , A method as claimed in any of Claims 31 to 41 characterised in that the 
shape and area of the non-contact areas (21) is such that the current density in 
areas of the active region (10) which correspond to the non-contact areas (21) is 

io greater than zero. 

43. A method as claimed in any of Claims 31 to 42 characterised in that the 
shape and area of the non-contact areas (21) is such as to avoid induced grating 
effects in the profile of the current density in the active region (10). 

15 

44. A method as claimed in any of Claims 31 to 43 characterised in that the 
shape and area of the non-contact areas (21) is such as to avoid induced grating 
effects in the profile of the current density m the active region (10) in the direction 
transversely of the direction in which the current density is being varied. 

20 

45 , A method as claimed in any of daims 31 to 42 characterised In that the 
shape and the area of the non-contact areas (21) is such as to induce predetermined 
grating effects in the active region (10). 

25 46. A method as claimed in any of Claims 31 to 45 characterised in that the or 
each of the first and second electrical contacts (6,7) comprises a main electrical 
contact (19) and a plurality of spaeed-apart secondary electrical contacts (16) 
adapted to be electrically connected to the main contact (15), the main electrical 
contact (15) and the secondary contacts (16) together forming the actual contact 

30 area (17) and defining the non-contact areas (21) therebetween. 

47. A method as claimed in Claim 46 characterised in that the secondary 
electrical contacts (16) are electrically connected to the main contact (15). 
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48. A method as daimed in Claim 46 or 47 characterised in that the secondary 
contacts (16) are provided by a plurality of elongated spaced-apart substantially 
parallel finger contacts (16) extending from the main contact (15). 

5 49. A method as claimed in Claim 46 characterised in that the finger contacts 
(16) forming the secondary contacts taper from their respective proximal ends (19) to 
their distal ends (18). 

50. A method as claimed in any of Claims 46 to 49 characterised in that the main 
10 contact (15) extends substantially longitudinally relative to the active region (10). and 

the secondary contacts (16) extend transversely from the main contact (1 5) in a 
direction generally transversely of the active region (10). 

51 . A method as claimed in any of Claims 31 to 45 characterised in that the or 
15 each of the first and second electrical contacts (6,7) comprises a single contact (50) 

which forms the actual contact area (17), the single contact (50) having a plurality of 
openings (53) therethrough which form the non-contact areas (21). 

52. A method as claimed in any of Claims 31 to 51 characterised in that the 
20 junction (5) defined by the semi-conductor medium is a p-n junction (5). 

53. A method as claimed in any of Claims 31 to 52 characterised in that the first 
and second electrical contacts (9,7) are located on respective opposite surfaces 
(8,9) of the semi-conductor device (2) for pumping the current through the active 

25 region (10) of the junction (5). 

54 A method as claimed in any of Claims 31 to 53 characterised in that the semi- 
conductor device (2) is an optical semi-conductor device, the longitudinal direction 
(1 1) of the active region (10) being defined by the direction of light propagation in the 
30 active region (10). 

55. A method as claimed in Claim 54 characterised in that the ratio of the actual 
contact area (17) to the non-contact area (21) of the or each of the first and second 
electrical contacts (6,7) is varied for inducing a current density profile (26) in the 
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active region (10) which substantially coincides with the desired light intensity profile 
(25) in the active region (10). 

56. A method as claimed "m Claim 54 to 55 characterised in that ratio of the 

s actual contact area (1 7) to the non-contact area (21 ) of the or each of the first and 
second electrical contacts (6,7) is varied transversely across the direction (1 1) of 
light propagation in the active region (10) for inducing a current density in the active 
region (10), the transverse profile (26) of which substantially coincides with the 
desired transverse profile of light intensity (25) at the corresponding location of the 

10 active region (10). 

57. A method as claimed in any of Claims 31 to 56 characterised in that the first 
electrical contact (6) defines the outline area (12). 

15 58. A method as claimed in any of Claims 31 to 57 characterised in that the first 
electrical contact (6) defines the actual contact area (17) and the non-contact areas 
(21). 

59. A method as claimed in any of Claims 31 to 58 characterised in that the 
20 second electrical contact (7) defines the outline area (12), 

60. A method as claimed in any of Claims 31 to 59 characterised in that the 
second electrical contact (7) defines the actual contact area (17) and the non-contact 
areas (21). 




SUBSTITUTE SHEET (RULE 26) 



09/719807 

NO. 828 P. 39 



WO 99/66614 PCT/IE99/00053 




SUBSTITUTE SHEET (RULE 26) 



15.DEC.2000 *l£i*01* F F 

WO 99/66614 



FAX3A39B3527439 * Pg 40/51 



PCT/IE99/0(HJ53 



3/4 




52 



oooetooooooooo co<aoo 

±sssssl-53 

A 61s o a o {? c 0 O O Q 0 

53 
53 

e'oio c o a ^-o a u o o ~o ""^E'a 

52 21 <54 



Atf 

B| 



Fig. 9 



Fig. 10 



SUBSTtTUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



* _jL*r DECLARATION POWER OF ATTORNF.Y 

As a_below aamed invencor, I hereby deqlare that my residence, post office address and citizenship are as stated below next to my 
name: that I verily believe I am the, original, first and sole inventor (if only one name is listed below) or a joint inventor (if plural 
names are listed below) of the suBject matter claimed and for which a patent is sought in the application entitled: 

"A serai -conductor device and a method for varying current density in an 

active region of a junction of the semi-conductor device" 
which application is: " was filed as PCT International 

the attached application 1_ Mutiifl^»j6fil«kMp. Application No . PCT/IE 99/00053 

(for original application) filed June 18. 1QQQ , and amended on 



(for declaration not accompanying application) 

that I have reviewed and understand the contents of the specification of the above-identified application, including the ciaims, as 
amended by any amendment referred to above; that I acknowledge my duty to disclose information of which I am aware which is 
material to the patentability of this application under 37 C.F.R. 1.56, that I hereby claim foreign priority benefits under Title 35, 
United States Code §119, §172 or §365 of any foreign application(s) for patent or inventor's certificate listed below and have also 
identified on said list any foreign application for patent or inventor's certificate on this invention having a filing date before that of 
the application on which priority is claimed: 

Application Number Country Filing Date Priority Claimed 

(yes or no) 

S98 0488 Ireland June 18, 1998 YES 

I hereby claim the benefit of Title 35, United States Code §120 of any United States application(s) listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in a listed prior United States application in the manner 
provided by the first paragraph of Title 35, United States Code, §112, I acknowledge my duty to disclose any information material 
to unpatentability of this application under 37 C.F.R. 1.56 which occurred between the filing date of the prior application and the 
national or PCT international filing date of this applicatiou: 

' Application Serial No. Filing Date Status 

^ (patented, pending, abandoned) 

I hereby appoint John H. Mion, Reg. No. 18,879; Donald E. Zinn, Reg. No. 19,046; Thomas J. Macpeak, Reg. No. 19,292; Robert 
J. Seal! Jr., Reg. No. 21,092; Darryl Mexic, Reg. No. 23,063; Robert V. Sloan, Reg. No. 22,775; Peter D. Olexy, Reg. No. 
24.513; J. Frank Osha, Reg. No. 24,625; Waddell A. Biggart, Reg. No. 24,861; Robert G. McMorrow, Reg. No. 19,093; Louis 
Gubiasky, Reg. No. 24,835; Neil B. Siegel, Reg. No. 25,200; David J. Cushing, Reg. No. 28,703; John R. Inge, Reg. No. 26,916; 
Joseph.J. Ruch, Jr., Reg. No. 26,577; Sheldon I. Landsman, Reg. No. 25,430; Richard C. Turner, Reg. No. 29,710; Howard L. 
Bernstein, Reg. No. 25,665; Alan J. Kasper, Reg. No. 25,426; Kenneth J. Burchfiel, Reg. No. 31,333; Gordon Kit, Reg. No. 
30,764; Susan J. Mack, Reg. No. 30,951; Frank L. Bernstein, Reg. No. 31,484; Mark Boland, Reg. No. 32,197; William H 
Mandir, Reg. No. 32,156; Scott M. Daniels, Reg. No. 32,562; Brian W. Hannon, Reg. No. 32,778 and Abraham J. Rosner, Reg. 
No. 33,276. my attorneys to prosecute this application and to transact all business in the Patent and Trademark Office connected 
therewith, and request that all correspondence about the application be addressed to SUGHRUE, MION, ZINN, 
MACPEAK & SEAS, 2100 Pennsylvania Avenue, N.W., Washington, D.C. 20037-3202. 

t hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
ire believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
nade are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
alse statements may jeopardize the validity of the application or any patent issuing thereon. 

)ate First Inventor ^L—^G _MCINJ^NEY W __ 



esidence ThA r.r PamP ry J Xaxsm Signature^ 



e Address The Creamery, Caum 



Macroom, County Cork, Irej^-nd. Post 0ffice Address The Crea mery, Caum 

mzenship An Tri sh citizen - l ^ ^ Macroom, County Cork, Ireland; 



* »<» sS *' ' ^^mmm Middle Inttai Lajt ! 

p^ /^chnical University of DeW r^ f^Q M ~Ul ■ SUi^ 

D.T.UY; Building^ 349, v ~\ 

■ O DK-2800 Lyngby, Denmark Q j-^fost Office Address Technical University (gf^Denmark 

Citizenship A Danish citizen 



D.T-.U. , Building 34y, 
DK-2800 Lyngby, Denmark 



Third Inventor_ 



Signature _ 



Post Office Address _ 



Fourth Inventor_ 



Signature _ 



Post Office Address _ 



Signature _ 



Post Office Address _ 



Sixth Inventor_ 



Signature _ 



Post Office Address _ 



Seventh Inventor_ 



Signature _ 



Post Office Address 



^3 

JC08 Rec'd PCT/PTO ^ffjj&MW 



PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of 
John G. McINERNEY et al . 

Appl. No. 09/719,807 Group Unit: unassigned 

Filed: December 18, 2000 Examiner: unassigned 

For: A SEMI - CONDUCTOR DEVICE AND A METHOD FOR VARYING CURRENT DENSITY 
IN AN ACTIVE REGION OF A JUNCTION OF THE SEMI-CONDUCTOR DEVICE 

SUBMISSION OF EXECUTED DECLARATION 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

'S ir : 

M' In accordance with the NOTICE OF MISSING REQUIREMENTS dated 
February 08, 2001 (copy enclosed) for the above identified application, 
Applicant submits herewith a duly executed Declaration together with a 
igfheck in the late filing fee of $130. Acknowledgement of the receipt of 
^She above identified Declaration is respectfully requested. The Patent 
{Office is authorized to charge any necessary fees to Deposit Account No. 
19-4880 in order to keep the above identified application in force. A 
duplicate copy of this Paper is attached. 

Respectfully submitted, 

2/22/2001 HHSUYEN 00000055 09719807 
1 FC:154 130.06 OP 

SUGHRUE, MION, ZINN, Robert V. Sloan 

MAC PEAK & SEAS, PLLC Registration No. 22,775 

210 0 Pennsylvania Avenue, N.W. 
Washington, D.C. 20037-3202 
Phone: (202) 293-7060 
Fax: (202) 293-7860 

Docket No: Q-62334 Date: February ao , 2000 



